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without switching a signal for reading the multilevel data in
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1
METHOD FOR DRIVING SEMICONDUCTOR
DEVICE AND SEMICONDUCTOR DEVICE

TECHNICAL FIELD

The present invention relates to a method for driving a
semiconductor device.

BACKGROUND ART

A semiconductor device capable of holding data that
includes a transistor whose semiconductor layer is formed
using silicon (Si) and a transistor whose semiconductor layer
is formed using an oxide semiconductor (OS) has attracted
attention (see Patent Document 1).

In recent years, with the increase in the amount of data
manipulated, a semiconductor device having a large storage
capacity has been required. In such situations, the semicon-
ductor device disclosed in Patent Document 1 has a structure
in which multilevel data is stored and read.

REFERENCE
Patent Document

[Patent Document 1] Japanese Published Patent Application
No. 2012-256400

DISCLOSURE OF INVENTION

In the case where multilevel data is read from a memory
cell, a signal for reading data needs to be switched two or
more times in accordance with the number of levels of the
multilevel data.

For example, in the semiconductor device disclosed in
Patent Document 1, a read signal having a step-like waveform
is supplied to a memory cell. The number of steps of the
waveform corresponds to the number of levels of multilevel
data. The data is read by determining change of data to be
read. In such a structure, the larger the number of the levels of
the multilevel data is, the larger the number of times the
voltage level of the read signal needs to be switched; accord-
ingly, reading of data takes a long time.

An object of one embodiment of the present invention is to
provide a method for driving a semiconductor device having
a novel structure. In the semiconductor device, a transistor
using silicon and a transistor using an oxide semiconductor
are provided in a memory cell. Multilevel data can be read
from the memory cell without switching a signal for reading
the multilevel data in accordance with the number of levels of
the multilevel data.

In one embodiment of the present invention, the potential
of a bit line is precharged, the electrical charge of the bit line
is discharged via a transistor for reading data, and the poten-
tial of the bit line which has been changed by the discharging
is read as multilevel data. With such a structure, the potential
corresponding to data held in a gate of the transistor can be
read by only one-time switching of a signal for reading data.

In a structure according to one embodiment of the present
invention, the following phenomenon is used: by the dis-
charging ofthe potential of a bit line, the voltage held between
a gate and a source of a transistor reaches the threshold
voltage of the transistor. Here, the gate of the transistor for
reading data has a potential corresponding to multilevel data,
and the source has the potential of the bit line. Thus, by the
above-described discharging of the potential of the bit line,
the potential of the bit line reaches a value obtained by sub-
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tracting the threshold voltage from the potential correspond-
ing to multilevel data. By reading the potential of the bit line,
the potential corresponding to the multilevel data can be
obtained.

One embodiment of the present invention is a method for
driving a semiconductor device including a memory cell in
which a plurality of pieces of data is written by holding a
potential based on the data supplied to a gate of a second
transistor via a first transistor, including the steps of precharg-
ing the potential of a bit line electrically connected to the
second transistor and discharging the potential of the bit line
via the second transistor after the precharging, so that the data
is read.

Another embodiment of the present invention is a method
for driving a semiconductor device including a memory cell
in which a plurality of pieces of data is written by holding a
potential based on the data supplied to a gate of a second
transistor via a first transistor, including the steps of precharg-
ing the potential of the bit line electrically connected to the
second transistor, discharging the potential of the bit line via
the second transistor after the precharging, and determining
the data using the potential of the bit line that is changed by
the discharging, so that the data is read.

Another embodiment of the present invention is a method
for driving a semiconductor device including a memory cell
in which a plurality of pieces of data is written by holding a
potential based on the data supplied to a gate of a second
transistor via a first transistor and the data is read by electri-
cally connecting one electrode of a capacitor to the gate of the
second transistor and by supplying a read signal to another
electrode of the capacitor, including the steps of precharging
the potential of the bit line electrically connected to the sec-
ond transistor, discharging the potential of the bit line via the
second transistor after the precharging by changing a level of
the read signal from a high level to a low level, and determin-
ing the data using the potential of the bit line that is changed
by the discharging.

In the method for driving a semiconductor device in one
embodiment of the present invention, the data is preferably
written in a state where the read signal is changed from a high
level to a low level.

In the method for driving a semiconductor device in one
embodiment of the present invention, the first transistor pref-
erably includes an oxide semiconductor in a semiconductor
layer.

In the method for driving a semiconductor device in one
embodiment of the present invention, the second transistor is
preferably a p-channel transistor.

One embodiment of the present invention can provide a
method for driving a semiconductor device having a novel
structure in which multilevel data can be read from the
memory cell without switching a signal for reading the mul-
tilevel data in accordance with the number of levels of the
multilevel data.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A is a circuit diagram of a memory cell, and FIG. 1B
is a timing chart of the memory cell.

FIG. 2 is a circuit block diagram of a semiconductor
device.

FIG. 3 is a circuit block diagram of a row driver.

FIG. 4 is a circuit block diagram of a column driver.

FIG. 5 is a circuit block diagram of an A/D converter.

FIG. 6 is a circuit diagram of a memory cell.

FIG. 7 is a timing chart of the memory cell.

FIG. 8 is a timing chart of the memory cell.
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FIG. 9 is a cross-sectional view of a semiconductor device.

FIGS. 10A and 10B are cross-sectional views of a transis-
tor.

FIGS. 11A and 11B are a flow chart illustrating steps of
manufacturing a semiconductor device and a schematic per-
spective view of the semiconductor device.

FIGS. 12A to 12E are diagrams each illustrating an elec-
tronic device including a semiconductor device.

FIG. 13A is a circuit diagram of a memory cell, FIG. 13B
shows 1,,-V ;- characteristics at the time of writing of
8-level data to the memory cell, FIG. 13C shows the relation-
ship between Vh and a write time of the memory cell, and
FIG. 13D shows rewrite endurance of the memory cell.

FIG. 14 is a block diagram of a semiconductor device.

FIG. 15 shows distributions of data of a 3 bit/cell memory
cell.

FIG. 16 shows reading waveforms.

FIG. 17A shows the relationship between V,, and write
time, and FIG. 17B shows the relationship between 60 of a
cell threshold voltage and write time.

FIG. 18A shows reading waveforms, and FIG. 18B shows
enlarged BL reading waveforms.

FIG. 19 shows retention.

FIG. 20 is a photograph of a semiconductor device.

BEST MODE FOR CARRYING OUT THE
INVENTION

Embodiments will be described below with reference to
drawings. However, the embodiments can be implemented
with various modes. It will be readily appreciated by those
skilled in the art that modes and details can be changed in
various ways without departing from the spirit and scope of
the present invention. Thus, the present invention should not
be interpreted as being limited to the following description of
the embodiments. Note that in structures of the present inven-
tion described below, reference numerals denoting the same
portions are used in common in different drawings.

In the drawings, the size, the layer thickness, or the region
is exaggerated for clarity in some cases. Therefore, the
embodiments are not necessarily limited to such a scale. Note
that the drawings are schematic views showing ideal
examples, and the embodiments are not limited to shapes or
values shown in the drawings. For example, the following can
be included: variation in signal, voltage, or current due to
noise or difference in timing.

In this specification and the like, a transistor is an element
having at least three terminals: a gate, a drain, and a source.
The transistor includes a channel region between the drain (a
drain terminal, a drain region, or a drain electrode) and the
source (a source terminal, a source region, or a source elec-
trode) and current can flow through the drain, the channel
region, and the source.

Here, since the source and the drain of the transistor change
depending on the structure, the operating condition, and the
like of the transistor, it is difficult to define which is a source
or a drain. Thus, a portion that functions as a source or a
portion that functions as a drain is not referred to as a source
or adrain in some cases. In that case, one of the source and the
drain might be referred to as a first electrode, and the other of
the source and the drain might be referred to as a second
electrode.

Note that in this specification, ordinal numbers such as
“first”, “second”, and “third” are used in order to avoid con-
fusion among components, and thus do not limit the number
of the components.

10

15

20

25

30

35

40

45

50

55

60

65

4

Note that in this specification, when it is described that “A
and B are connected to each other”, the case where A and B
are electrically connected to each other is included in addition
to the case where A and B are directly connected to each other.
Here, the expression “A and B are electrically connected”
means the case where electric signals can be transmitted and
received between A and B when an object having any electric
action exists between A and B.

Note that in this specification, terms for describing
arrangement, such as “over” and “under”, are used for con-
venience for describing the positional relation between com-
ponents with reference to drawings. Further, the positional
relation between components is changed as appropriate in
accordance with a direction in which each component is
described. Thus, there is no limitation on terms used in this
specification, and description can be made appropriately
depending on the situation.

Note that the layout of circuit blocks in drawings specifies
the positional relation for description. Thus, even when a
drawing shows that different functions are achieved in differ-
ent circuit blocks, an actual circuit or region may be config-
ured so that the different functions are achieved in the same
circuit or region. In addition, functions of circuit blocks in
diagrams are specified for description, and even in the case
where one circuit block is illustrated, blocks may be provided
in an actual circuit or region so that processing performed by
one circuit block is performed by a plurality of circuit blocks.

Note that a voltage refers to a potential difference between
a given potential and a reference potential (e.g., a ground
potential) in many cases. Accordingly, the voltage, the poten-
tial, and the potential difference can also be referred to as a
potential, a voltage, and a voltage difference, respectively.
Note that a voltage refers to the difference between potentials
of two points, and a potential refers to electrostatic energy
(electric potential energy) of a unit charge at a given point in
an electrostatic field.

In this specification, embodiments and an example of the
present invention will be described with reference to the
drawings. The embodiments and the example are described in
the following order:

1. Embodiment 1 (memory cell according to one embodiment
of the present invention)

2. Embodiment 2 (configuration example of semiconductor
device)

3. Embodiment 3 (oxide semiconductor)

4. Embodiment 4 (elements of semiconductor device)

5. Embodiment 5 (structure examples of electronic compo-
nents of semiconductor device and electronic devices includ-
ing electronic components)

6. Example (fabricated semiconductor device)

Embodiment 1

In this embodiment, a circuit configuration and operation
of'a memory cell included in a semiconductor device accord-
ing to one embodiment ofthe invention to be disclosed 